Abstract-The selection of cluster heads is of immense importance in the cluster based protocols which are widely used in wireless sensor networks. However, for the random selection of cluster heads when the distance of cluster heads is also taken into account such as in LEACH-DT algorithm, the lifetime of the network is improved. In this paper, a new algorithm for selection of cluster heads is proposed where the residual energy of the cluster heads is also considered along with the distance to the base station. The proposed approach ensures better energy balance of the network nodes. The performance of the proposed algorithm is measured at various stages of network lifetime and a significant improvement over LEACH-DT has been observed. Also, a two-level heterogeneous hierarchical architecture of the proposed algorithm is investigated which further enhances the performance of the proposed algorithm.
I. INTRODUCTION
Wireless sensor network (WSN) has a wide range of applications in several areas of engineering and technology e.g. harsh physical environmental monitoring, military surveillance, smart offices, and many more. These networks comprise of sensors as nodes which are small in size and generally equipped with nonrechargeable battery. The sensors are deployed at different locations for carrying out the important tasks such as sensing, processing, and finally communicating from the field of interest to the sink which is usually placed at a far away location from the sensor field [1] [2] .
One of the major applications of a sensor network is remote environmental monitoring, in which an end user can monitor a distant environment by accessing the data being relayed at the sink. For this application, usually the sensor nodes are deployed in a randomized manner, i.e. they are scattered into an environment randomly. Here, these sensor nodes must co-operate to learn about their locations, know their neighbors and find paths to transmit their sensed information to the sink. These sensors are distributed in large numbers in the region to be monitored because they are prone to failures mainly because of battery exhaustion. In order to manage such a complex topology, clustering has been found to be efficient [3] [4] . In the energy model used for sensor networks, communication is considered as the most energy expensive function. Thus, reducing the energy consumption in sensors communications is the main design objective in any wireless sensor networks design. Out of the various protocols developed in the past for sensor network communications, hierarchical cluster based protocol is the standard mechanism to achieve this design objective in an efficient manner [2] . In hierarchical clustering protocol, nodes have different roles to play. However, few nodes are elected as leader nodes which apart from sensing data also act as forwarding nodes to relay other nodes' data. The other nodes only transmit their own sensed data to the leader nodes.
Among the proposed cluster-based protocols for WSNs, Low Energy Adaptive Clustering Hierarchy (LEACH) approach [3] , [5] , [6] is perhaps the most popular and effective one. A number of variants of LEACH protocol such as an energy balancing based LEACH improvement (LEACH-B) [7] , LEACHCentralized (LEACH-C) [6] , [8] , a distributed clustering algorithm for WSNs (LEACH-D) [9] , Threshold based LEACH (T-LEACH) [10] ,Variable-Round LEACH (VR-LEACH) [11] , N-LEACH [12] , Hybrid-LEACH [13] , LEACH improvement with adaptive cluster-head selection and two-hop transmission (ACHTH-LEACH) [14] ,V-LEACH [15] , LEACH-Z [16] [18] , Load Balanced Clustering (LBC) [19] , HEED [20] , Energy Efficient Clustering Scheme (EECS) [21] , Layered Clustering Hierarchy (LCH) [22] , Energy-Efficient Heterogeneous Clustering scheme (EEHC) [23] , CEC [24] , EnergyEfficient Load Balanced Clustering Algorithm (EELBCA) [25] , Density based Energy-efficient Clustering Algorithm (DECA) [26] . In these protocols, nodes are organized into a number of clusters. Each cluster has a self-elected leader node, known as cluster head (CH). This CH does the long distance transmission to the sink after aggregating the sensed data received from its member nodes. Each non CH node is associated with its nearest cluster head and communicates with the sink only through its head node. There are number of metrics for evaluating the performance of the sensor network, but the most important is energy efficiency and network lifetime. A network would be energy efficient if its nodes employ energy efficient algorithms in performing all its functions. A sensor node has three main functions to perform, i.e. sensing, local processing and communicating wirelessly. In a battlefield, wherein sensors are deployed to monitor a chemical activity, the number of sensors being alive is important. The lifetime of a sensor network has most commonly been defined by the term system lifetime which can be defined as the time elapsed until the first node in the network depletes its energy [27] . But using this definition of lifetime may not be appropriate as the failure of one sensor will not affect much as there is redundancy of deployed sensors. Thus, there are many definitions of network lifetime depending on the application for which the sensors are deployed [27] . So, another one could be time elapsed till certain percentage of sensors fail. We have in this paper, therefore, evaluated the network lifetime with respect to time until not only 1% sensors fail but also till 25%, 50%, 75% and 90% sensors fail. In any case, maximum lifetime will be obtained when every sensor node dissipates its energy at the same rate. Therefore, in order to achieve this goal of maximizing network lifetime, every node is important and also its energy consumption too.
In the LEACH protocol, the energy consumption among sensor nodes is asymmetric. The cluster heads which are at large distance from the sink consume their energy earlier than those near the sink thereby some nodes expire sooner than others. As a result, the network size continuously decreases and the network gets partitioned due to dead nodes and the system performance declines. Furthermore, LEACH protocol has another major drawback i.e. it assumes that all sensors can communicate with the base station (BS) or sink directly. This limits the scalability of LEACH protocol [5] [6] . However, this can be easily catered by implementing a hierarchical fusion architecture, where some CHs have the task of gathering data from other CHs [5] [6] .
Few distance-based cluster head selection algorithms have been reported in literature. In [28] , a distance-based segmentation scheme has been proposed wherein the difference of remaining energy of close by and distant nodes is taken care of by using different clustering policies in each segment of the network in order to prolong the network lifespan. In [29] , a distance based threshold, LEACH-DT is proposed in which CH selection is based on assigning different probabilities with respect to the nodes distance to the sink such that the energy balance is achieved. The authors in [30] have proposed the hierarchical extensions of the LEACH [5] and LEACH-DT [29] protocols and made them suitable for large-scale networks.
In a cluster based organization, cluster head node consumes its energy in two processes. One is intra-cluster and other is inter-cluster process. One of the major causes of the problem of unbalanced energy consumption is because the clusters formed are not of even sizes. To take into account this energy imbalance, for selection of CH, a new protocol considering the distance parameter as used in LEACH-DT as well as the residual energy parameter has been proposed in this paper. Further, a new topology, a heterogeneous hierarchical architecture of the sensor network with two tiers based on the LEACH protocol architecture at the lower level and the LEACH-DT protocol architecture at the upper level is also suggested.
The remaining paper is organized as follows. The basic LEACH protocol architecture along with another cluster head selection method namely, LEACH-DT where distance based threshold is used for CH selection and the energy consumption of sensor nodes in clustering approach are discussed in Section II. The proposed protocol which uses new energy-aware cluster-head selection policy is described in Section III. The heterogeneous hierarchical fusion architecture utilized for designing the hierarchical extension of the proposed protocol is presented in Section IV. The simulation and the results obtained are discussed in Section V. The paper is finally concluded in Section VI.
II. CLUSTER HEAD SELECTION ALGORITHMS
For cluster head selection procedure, Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol [5] , available in literature is being widely used. It provides energy-efficient cluster based architecture and application-specific data aggregation approach.
The protocol operation is done in two steps. The first step is set-up phase. In this phase, CHs are chosen along with the selection of their members, leading to formation of clusters and also TDMA schedules in each cluster. The second step is steady-state phase. In the steady-state phase, the data signals are transmitted from members to CH and from CH to BS. LEACH rotates the role of CH among sensor nodes in order to evenly distribute the energy load as being a CH consumes lot of energy.
The protocol operation is done in rounds, where a round refers to operation of above two steps leading to data communication from the sensing field to the BS. self to be CH with a certain probability. The desired percentage of CHs is given by p = k / N in each round, where N is the number of sensor nodes distributed in a field and k is the expected number of CHs [6] . In LEACH protocol, 1/p successive rounds are combined together known as group of rounds (GOR). A node gets itself elected in a round with probability (T i, r ) [6] , [30] given as follows:
( 1) where G(r) is the group of nodes which have not acted as CHs in that group of round. For achieving better balancing of the energy consumption, a distributed cluster head selection method, LEACH-DT is proposed which is based on distance based threshold [30] . In this protocol, each node is assigned a different probability based on how far it is away from BS. Here, instead of p, a fixed pre-defined system parameter of LEACH, a differentiated percentage p i of CHs as a function of the distance to the sink is used. p i is computed as shown in equation (2) .
where
. Here E CH(di) and E non-CH are the average amount of energy consumption in a round by CH node and non-CH node described in the next subsection A. In round r, a node i elects it-self to become a CH with probability T i, r [30] defined as below.
A. Energy Consumption Analysis
In this part, the energy dissipation of a cluster head node and a non cluster head node in a round are analyzed. It is assumed that all the messages except the ADV message are transmitted through spreading code system with spreading factor, h [30] . The energy dissipation of a cluster head node in a round is according to equation (4) .
where E CH(di) is the average amount of energy consumption of a CH node which is at a distance d from the BS. E mac is the energy expense for CSMA used for communication between CHs and the base station. E T (l adv , √2M) corresponds to the energy expense for CH node while it broadcasts an advertisement (ADV) message of length l adv. Each non-CH node chooses a nearest CH node and transmits a join-request (JOIN-CLUSTER) message to the chosen CH. CHs then simultaneously broadcast TDMA scheduling (TDMA-SCHEDULE) message corresponding to distance √2M meters for data transmission. count(i) * E R (h * l data ) corresponds to the energy expense by a CH node in receiving the sensed information (data signals) from its cluster members being represented by count(i). E DA* count(i) * l data refers to the energy expense in the data aggregation process. A CH node finally transmits l data to BS which is at a distance d i. The energy dissipation of a non-CH node in a round is given by equation (5).
Here E non-CH is the average amount of energy consumption in a round by a non-CH node and dis is the distance of the non-CH node from its CH node.
III. PROPOSED APPROACH
In order to achieve maximum network lifetime in WSN, energy consumption must be well balanced among nodes. To achieve this goal, every node in the network is given equal probability for becoming CH in LEACH protocol [5] [6] . But the clusters formed are of uneven sizes. As seen in energy consumption analysis, the CH consumes energy proportional to number of cluster members it has in receiving JOIN messages and data signal messages, further in aggregating the data signal messages. In this intra-cluster processing, the problem of energy imbalance is created. The proposed protocol focuses on this energy imbalance problem. After completion of one GOR execution, some CHs may drain out their residual energy more than others. So, in order to balance the load, after first GOR execution, this protocol considers both distance and energy factors while selecting cluster heads. The protocol is designed as follows.
Assume an M x M square sensor field in which N nodes are distributed randomly. The sensor field is divided into fixed number of equal area segments such that the nodes in each segment are almost at the same distance to the base station. A node selects itself as CH at the beginning of round r with probability p i and compares the chosen random number with threshold obtained from equation (3) . If the number chosen is less than a threshold T i, r , the node is elected as cluster-head node for that round. The protocol works as LEACH-DT in the first GOR i.e. until each node of every segment has executed the CH role once. After this first GOR execution, in order to achieve load balance, the cluster-head after being selected through random selection process of LEACH-DT, transfers its role to another eligible node in the same segment in which it is located, one which has maximum residual energy (E current( s m) ) at that particular time. Thus, the old cluster-head which was selected in a particular round r gets replaced by a new CH node lying in the same segment as that of old CH and having highest residual energy.
The pseudo-code for constructing new cluster-head After CH election sub-phase, then in next sub-phase, each non-cluster head node associates with one of the selected cluster heads for that round. This cluster head selection is through the advertisement that the finally selected cluster heads broadcast indicating that they have become cluster heads. The advertisement message contains the node ID. All the sensor nodes receive these advertisements. If a node hears advertisements from a number of cluster heads, then the head to which it gets associated is based on the signal strength of the received ADV messages. The message received with the highest signal strength is selected as their cluster head. The sensor nodes inform about their association to the cluster heads in the cluster set-up sub-phase. Based on the number of member nodes in the cluster, the cluster-head node prepares a communication schedule and receives the data signals in the steady-state phase. The clusterhead node performs aggregation function on the received data signals and compresses all the received signals into a single common signal. This composite data is then transmitted to the base station. After completion of one round of communication another round of operation begins. The network enters into first step i.e. set-up phase again and selects the cluster heads through the same algorithm.
IV. HIERARCHICAL EXTENSION OF PROPOSED PROTOCOL
In large scale networks, where distance between some sensors and the BS is large, single-hop LEACH-DT is not suitable due to power limitation of a sensor. In order to address this problem, heterogeneous hierarchical fusion architecture is applied. The lower level of clusterheads is selected using LEACH protocol whose task is to transmit data signal to their respective super cluster head. The upper level cluster-heads, Super cluster heads (S CH ), is selected using LEACH-DT protocol which have to transmit the data signals to the BS.
The algorithm is to be repeated in every communication round. In every round several CHs are elected using randomized procedure with same predefined Threshold, T defined in equation (1) . Then super cluster heads election is carried out from the eligible nodes who are CH in that particular round i.e. temp_CH nodes again go through election procedure for S CH election with p i given through LEACH-DT protocol. If a super cluster head node S CH has been selected in a segment, then the current energy level i.e. the residual energy of every member nodes (CHs) of that segment is checked. If the temporary selected S CH node's remaining energy is maximum then it remains as new S CH , otherwise it is replaced by a new S CH , the one whose residual energy is highest. Thus node having the highest energy value is finally selected as new S CH . The new super cluster head selection algorithm is illustrated in Algorithm 2. Once the heads are elected at both levels, the super CHs will advertise themselves by broadcasting S CH _ADV_Msg over a distance √2M using a nonpersistent CSMA protocol for association with lower level CHs as their member. This ADV broadcast message is of length l adv. CH nodes then choose the nearest S CH and transmit Join_S CH _Msg to it again using CSMA through spreading code with spreading factor h. When CHs are associated, they will advertise themselves Through CH_ADV_Msg of length l adv for association with normal sensor nodes. A normal sensor node chooses a nearest CH node and sends a Join_CH_Msg to it. A CH must inform the super CH that how many members of normal sensor nodes have been associated with it, so that on the basis of this information, super CH can prepare the TDMA schedule for whole cluster. When the TDMA schedule is created, S CH node broadcasts it over a distance √2M through TDMA_Schedule_Msg using spreading code. After TDMA schedule is distributed among whole cluster nodes, the steady-state phase runs. The data flow is then in the opposite direction starting from non-CH nodes (normal nodes) to the CH nodes using scheduling, aggregating and routing it to the super CH and thus it is finally the responsibility of super CH to forward sensor data received from lower level to the sink or base station. But in case of no S CH being selected, the CHs node will directly transmit the data to the BS.
V. SIMULATIONS AND ANALYSIS

A. Preliminaries
The following assumptions are made in this paper:
 The sink is located at some distance from the sensor field and its location is known by each node.  All sensor nodes in the network are given equal amount of energy and their energies cannot be recharged.  All sensor nodes communicate directly with the sink.  Sensor nodes are location unaware.  Symmetric propagation model exists.  Cluster heads perform data aggregation.  Sensor nodes that are randomly deployed in the region.  All the nodes and the sink are stationary after deployment.
B. Simulation environment
The newly proposed protocol is simulated using Matlab simulator. At first, N=100 number of nodes are deployed randomly in M x M square area with M =200m. All nodes are given equal amount of initial energy for the following two cases under consideration i.e. Case1: 0.5J/node and Case 2: 1J/node. The base station is fixed at (100,500). The sensor field is divided into five segments of same width according to the distance in Ydirection from the base station. The radio model used is as described in the LEACH protocol. As in [5] and [29] [30] [31] , we use the values of δ = 87.7m, length of data signal, l data =500 bits, fs = 10pJ/bit/m 2 , mp = 0.0013pJ/bit/m 4 , E DA =5nJ/bit/signal, E mac =0.05J, l adv , l join , l TDMA, each of length of 200bits, and spreading factor, h=8.
C. Performance evaluation and analysis
In this simulation study thirty runs of the simulator for each protocol are conducted and the average of these observations is plotted. The performance of the proposed protocol is measured at various times i.e. when the first node dies (FND), time when 25%, 50%, 75% nodes die out and time when 90% of the nodes are dead. Fig. 1 shows the 100 sensors distribution in a field of size 200m x 200m. The network is divided into five segments of width 40m each along Y direction with segment 1 being from (0-40) m and so on up to segment 5 being (160-200) m. Fig. 2 illustrates the probability of node p i which is obtained from equation (2) . As can be seen, p i here varies inversely with distances. The sensor node which is at minimum distance to BS is having the maximum value of p i , i.e. 0.0825 and the sensor node at the farthest distance from BS is having the minimum value of p i , i.e. 0.0229. Fig. 3 and 4 provides the amount of average residual energy in the network for LEACH-DT and proposed protocol with initial energy per node given as 0.5J and1.0J respectively. From these figures it can be observed that modified LEACH-DT scheme has higher amount of residual energy as compared to LEACH-DT scheme. The energy saving in our proposed algorithm results due to selection of CH which is having higher residual energy and is likely to be closer to BS as compared to other CH selected in LEACH-DT. Fig. 5 shows the minimum and maximum residual energy after communication round 60 in the various segments of the network for LEACH-DT and the proposed scheme when initial energy of 1J was given to each node of the network. It is observed that difference between minimum and maximum of residual energy is less in all segments of the network in case of Modified LEACH-DT scheme as compared to that of LEACH-DT. This illustrates that our proposed protocol is balancing the communication load more efficiently than LEACH-DT protocol. This energy balance has been achieved by our energy aware cluster head selection policy.
The results of the system lifetime and the network lifespan are shown in Fig. 6 and 7 for the LEACH-DT and the proposed protocol for the two cases. These results are a sample run out of several simulation runs. This balancing of communication load has increased the lifetime of the sensor network. As it is evident in Fig.  6 and 7, the nodes are alive for longer time in case of proposed protocol. Fig. 8 and 9 shows the performance comparison. Comparison is made between LEACH-DT and proposed scheme using metrics First Node Dead (FND), i.e. when 1% of the sensors in the network die out, time when 25% of the sensors die out, time when 50% of the sensors are alive (HNA), time when 75% sensors die and time when 90% of the sensors in the network are dead. In the first experiment, initial energy 0.5J/node was given to each sensor and the network simulation was carried out to evaluate the performance of the proposed scheme. In the second experiment, initial energy 1.0J/node was given in order to evaluate the performance shown in Fig. 9 . As can be seen, FND for LEACH-DT and proposed scheme for the considered sensor network with BS at (100,500) m and initial energy 0.5J/node is at 29 and 31 communication rounds, whereas for the second case with initial energy of 1.0J/node, FND is at 78 and 85 and 78 rounds for LEACH-DT and modified LEACH-DT scheme respectively for the case 1 of initial energy of 0.5J/node and 110 and 143 rounds respectively for the case 2 of 1.0J/node. Fig. 8 and 9 illustrates that proposed protocol, modified LEACH-DT increases the lifetime of the network by 8% for FND and by 29% for 90% nodes dead. As discussed in section IV, two-level hierarchical extension of our proposed scheme was also developed and its performance was evaluated A sample run of the proposed hetero-hierarchical modified LEACH-DT scheme is shown in Fig. 10 and 11 , for the two cases i.e. case 1: Initial energy 0.5J/node and case 2: 1.0J/node. Fig. 12 and 13 shows the performance comparison for LEACH-DT and proposed Hetero-Hierarchical modified LEACH-DT scheme in terms of lifespan for the two cases i.e. with initial energy 0.5J/node and 1.0J/node respectively. After averaging the results of several trials, FND here comes out to be at 34 and 86 rounds for Hetero-Hierarchical modified LEACH-DT scheme for the case of 0.5J / node and 1.0J/node respectively. The results for 90% nodes dead (PND) are 99 rounds and 174 rounds for Hetero-Hierarchical modified LEACH-DT scheme for the case of 0.5J/node and 1.0J/node respectively. The proposed hetero-hierarchical modified LEACH-DT scheme could achieve significant energy savings because now data is being forwarded through super cluster heads and not through direct transmission of cluster heads. Simulation results indicate that network lifespan with proposed hetero-hierarchical modified LEACH-DT scheme is about 13% better with respect to FND and about 60% better with respect to 90% nodes dead (PND) than with that of LEACH-DT protocol.
VI. CONCLUSIONS
In this paper, a novel energy balanced and energy efficient topology management protocol for wireless sensor networks has been proposed. The proposed protocol is a modification of LEACH-DT protocol. The increase in system lifetime (FND) in the proposed protocol has been about 8% and about 29% for PND i.e.90% node death. The proposed scheme outperforms LEACH-DT as it takes into account the remaining energy of each node during selection of final cluster heads, and is found to be more energy balanced approach. The hetero-hierarchical modified LEACH-DT scheme improves the network lifespan by about 13% in FND and about 60% in PND. It also improves the distance of CH communications with base station via a hierarchical approach and thereby provides scalability. It is expected that the proposed protocol may be used for sensors deployed for serving the assessment of the battlefield or disaster areas in future.
